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INTRODUCTION
Fructose l,6-dipho3phata3e (D-fructose 1,6-diphosphate
1-phosphohydrolase, EC is one of the key enzymes in
gluconeogenesls. It catalyzes the hydrolysis of fructose 1,6-
diphosphate to fructose 6-phosphate and inorganic phosphate.
It has been suggested that fructose 1,6-diphosphatase may be
involved in the regulation of carbohydrate metabolism and that
the relative rates of gluconeogenesls and glycolysis are to
some degree determined by the net effect of the antagonistic
activities of fructose 1,6-dlphosphatase and phosphofructo-
kinase (1,2), Since it occupies a strategic position in the
^'irreversibility loop” of the Embden-Meyerhof pathway, its
reg-ulations and properties are of significance.
Fructose 1,6-diphosphatase was first foiond in rabbit
liver by Gomori in 1943 (3)* But it did not receive much
attention until 1961 when a symposium on this topic was held
at the University of Virginia, The enzyme was subsequently
studied in rabbit liver (4-6), rabbit muscle (7)# rat liver (8),
swine kidney (9), spinach leaf (10,11), Euglena gracilis (12),
Acinetobacter iwoffl (13)» Escherichia coll (14)» Pseudomonas
saccharophlla (15)# Rhodopseudomonas palustria (16), Candida
utilis (17)# Saccharomyces cerevisiae (1), and Polysphondy1ium
pallidum (l8).
The purified enzymes are found to exhibit many coinmon
chemical and physical properties. Among these are an absolute
2+ 2+
requirement for divalent cation, particularly Mg and Mn ,
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an alkaline pH optiraum, EDTA stim\ilation, a high degree of
substrate specificity, allosteric inhibition by adenosine 5’-
monophosphate and deactivation by high substrate concentration.
However, recent studies on the mammalian enzyme (19,20) have
indicated that the alkaline pH optimum may not be a common
property, but is due to enzyme proteolysis during pxirification.
Mammalian fructose l,6-diph03phatase catalyzes the
hydrolysis of fructose 1,6-diphosphate and sedoheptulose 1,7-
diphosphate, but sedoheptulose 1,7-diphosphate is not hydrolyzed
by an enzyme like that of Candida utilis (17). Adenosine 5'-
monophosphate exhibits allosteric inhibition of mammalian
fructose 1,6-diphosphatase, but it has no effect on the enzyme
from some plants (10,11) and bacteria (12,l8).
Cellular slime molds Polysphondylium pallidum (18) and
Dictyostelitim discoideum (21) have been studied. These two
organisms exhibit almost the same properties. The organism
Physarum polycephalum, an acellular slime mold, is chosen for
this study for comparison. This organism can be grown easily
in a semi-defined medium which is free of contaminants, A sim¬
ple spoctrophotometric assay can be performed conveniently to
monitor fructose 1,6-dlphospnatase activity. The effect of
enzyme activity of the plasmodium grown on different carbon
sources has been studied. In addition, the specific substrate
elution method has been employed in the partial purification of
2+
the enzyme. Properties such as the Mg requirement and adeno¬
sine 5'-rttonophosphate inhibition have been studied.
LITERATURE REVIEW
I, Properties of Fructose 1,6-diphosphatase
A* Function of Fructose 1,6-diphosphatase (FDPase)^
Phosphatases are generally considered to be catabolic
enigymes. Fructose 1,6-diphosphatase plays an important role
in specifically hydrolyzing fructose 1,6-diphosphate to fruc¬
tose 6-phosphate in carbohydrate metabolism. It is generally
accepted that this enzyme plays a key role in gluconeogenesis,
and that the important site for regulation of both glycolysis


















Fig, 1, Role of FDPase in gluconeogenesis.
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As shown in Figure 1 (22), in the direction of glyco¬
lysis, the activity of phosphofructokinase is inhibited by ade¬
nosine 5'“triphosphate (ATP), and in the reversed glycolysis
pathway, the activity of FDPase is inhibited by adnosine 5'“
monophosphate (AMP). This inhibition by AMP has been discovered
in a number of biological soxirces (ij.“8) indicating that the
direction of flow in the Embden-Meyerhof pathway might be con¬
trolled by the ratio of AMP to ATP, A high ratio of AMP to ATP
would favor the direction of glycolysis and at the same time
prevent the breakdown of fructose diphosphate (23). Mokrasch
et al. (2i|.) have found that in rabbit liver, conditions which
favor glueoneogenesis result in the increased production of
FDPase, On the other hand, the inhibition of FDPase by AMP
would protect the cell against the wasteful dephosphorylation
of fructose diphosphate during glycolysis (25).
3, Possible Mechanism of FDPase
The mechanism of action of FDPase was studied by using
1 ft
H2 °0 during hydrolysis (26), It was found that FDPase cata¬
lyzes the hydrolysis at the C-1 position of the oxygen-phospho¬
rus linkage of fructose diphosphate, leading to the formation
of 0-labeled inorganic phosphate, Bencovic ^ al, (2?) sug¬
gested that the fructose diphosphate which was hydrolyzed was
in the furanoside form. However, no evidence for an enzyme-
phosphate intermediate could be obtained.
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Fructose diphosphate Fructose 6-phosphate
C, Assay Method for FDPase
The enzyme FDPase can be assayed by two methods. One
is by determining the release of inorganic phosphate, and the
other is by a coupling reaction to glucose 6-phosphate and
nicotiamide adenosine diphosphate (NADP*^),
The release of inorganic phosphate from the substrate
fructose diphosphate is determined by the Fiske-SubbaRow method
(28), where the reaction is initiated by the addition of the
enzyme'to the reaction mixture for ^ - 20 minutes. The reaction
is then stopped by adding a solution of dilute sulfuric acid or
perchloric acid. Inorganic phosphate is determined by adding
the Piske-SubbaRow reagent and reading the color in a spectro¬
photometer at 660 nm. This absorbance reading is compared with
that obtained from a standard curve of phosphate,
A more recent method of determining FDPase is performed
spectrophotcmetrically (ijJL), The following coupling reaction
has been established stoichiometrically and the reading of
absorbance at 3li.O nm wavelength shows the reduction of NADP'*',
6
F*ructos0 diphosphate + HpO > Fructose 6-P + Pi
Fructose 6-P Glucose 6-P
Glucose 6-P Gluconate 6-P
NADP'*' NADPH +
In the presence of excess phosphoglucose isomerase and glucose
6-phosphate dehydrogenase, the rate of reduction of KADP is
proportional to the rate of cleavage of fructose diphosphate.
D, Specificity of FDPase
FDPase is fo\md in most organisms and tissues to be
specific in hydrolyzing fructose diphosphate to fructose 6-
phosphate. However, there is evidence too that it is equally
active in hydrolyzing sedoheptulose 1,7-diphosphate to sedo-
heptulose 1-phosphate, Bonsignore £t (8) have discovered
that FDPase isolated from rabbit liver contains a single enzyme
capable of hydrolyzing both fructose diphosphate and sedohep¬
tulose diphosphate,
E, Molecular Weight and Subunit of FDPase
FDPase has been isolated from rabbit liver at alkaline pH
optimum (6), Sia al. (29) have determined the molecular weight
of the rabbit liver FDPase by high-speed sedimentation equili¬
brium and electrophoresis on polyacrylamide gels. The molecular
weight was found to be about 130,000, and the acrylamide gel
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electrophoresis in the presence of sodium dodecyl sulfate
yields two subunits with molecular weights of 29,000 and 35*000,
respectively. The molecule consists of two dimers each having
two subunits of equal molecular weight. The carboxyl-terminal
residues are determined by hydrazinolysis which yields 0,^
equivalent of alanine and 0,45 equivalent of glycine per mole
of protein. The amino-terminal residues are determined by
dinitrophenylation and 0,6 equivalent of glycine and 0,5 equi¬
valent of serine are obtained (23),
Recently, the enzyme was isolated under physiological
pH conditions (30). This shift of pH from neutral to alkaline
was to alleviate proteolytic digestion during the process of
purification. The neutral pH optimum enzyme was foxind to have
a molecular weight of 143*000, and the SDS-acrylamide gel
electrophoresis shox'/s a single band with a molecular weight
ot 35*500, Thus, the enzyme appears to be a tetramer contain¬
ing only one species of subunit. The amino-terminal residue
has been determined by the dansyl chloride method and quanti¬
tatively by the Edman degradation method. The enzyme has been
found to contain 4 serines per mole of protein. The carboxyl-
terminal residue as determined by hydrazinolysis and digestion
with carboxypeptidase, has been identified as alanine (9),
The purification of the enzyme at neutral pH could be
enhanced by avoiding the use of frozen tissues, treatment with
acetone, or heating at acidic pH, since all these conditions
favor the disruption of lysosomes and proteolysis (7). Also
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recommended is avoiding the use of ammonium sulfate precipi¬
tation, which appears to modify the catalytic properties of
the enzyme,
P, Amino Acid Composition of PDPase
The amino acid composition was determined hy Fernando
et al, (31). Both the rabbit liver and muscle enzymes have
been studied, and the amino acid composition is found to differ,
which suggests that the primary structures of these enzymes are
different, 'fable 1 taken from the work of Fernando at al, (31)
shows the amino acid composition of the enzymes. These enzymes
were prepared under alkaline pH conditions,
TABLE 1
AMINO ACID COMPOSITION OP RABBIT lOTSCLE AND LIVER PDPases





Aspartic acid 103 128
Threonine 78 70
Serine 76 79









Cysteic acid 21 20
Methionine sulfate 21 34
Tryptophan 0 0
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From Table 1, we can see that the amino acid composi¬
tion of muscle and liver PDPases differ significantly. The
muscle PDPase contains more glutamic acid, leucine, tyrosine,
and arginine, while liver PDPase is richer in aspartic acid,
isoleucine, phenylalanine, lysine,; and methionine. Tryptophan
is not detected in either enzyme. When electrophoresis was
performed to confirm this difference in property, the two en¬
zymes did migrate with different mobilities (31)•
Tashima ^ (32) have isolated rabbit kidney PDPase
at neutral pH and compared the amino acid composition with that
of alkaline PDPase of rabbit kidney. The result is shown in
Table 2, Interestingly enough, the amino acid composition of
both neutral and alkaline kidney enzyme is found to be very
similar. However, the neutral enzyme is found to contain one
equivalent of tryptophan per subunit. This is also true in
neutral liver enzyme (33)# but not in muscle enzyme (7). The
neutral liver enzyme has twice the n\amber of histidines and
l6 moles of free -SH group as compared to 21 in the alkaline
enzyme.
The shape of PDPase has been studied vinder the elec¬
tron microscope (9) by negatively staining the enzyme with
methylamine tungstate. The molecule is a flattened ellipsoidal
particle with dimensions of 30 3C 60 x 120 angstroms.
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TA3LE 2
AMINO ACID COMPOSITION OP CARBOXYT-IETHniATED
NEUTRAL AND ALKALINE RABBIT KIDNET ENZYME
Amino Acid No, Residues per Mole of Enzyme





Aspartic acid lij-S 152
Threonine 70 67
Serine 79 74











0, AMP Inhibition on PDPase
Adenosine 5'-monophosphate (AMP) has been reported to
be an. allosteric inhibitor of the enzyme PDPase, However, the
inhibition becomes less pronounced with increasing pH, In
rabbit liver, low concentrations of AMP strongly inhibit the
enzyme activity at pH 7#5» t>ut have little effect at pH 9*2
(23). Rabbit liver isolated at neutral pH also shows the same
effect. Neutral PDPase is completely Inhibited with 10“^ M AMP
2+
(30), Nevertheless, at higher concentrations of Mg , inhibition
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is less with both neutral and alkaline FDPases, which is pro-
2+
bably due to the chelation of AMP by Mg •
AilP is a very potent inhibitor of neutral muscle enzyme.
At pH l»St H)Pase activity is inhibited with a concentration
of 1,3 X 10”^M AMP (34)* Opie and Newsholme (35) have estimated
that the concentration of free AMP in muscle is sufficient to
effectively inhibit the enzyme activity. However, this inhibi-
2+
tion can be relieved specifically by Mn , This suggests that
24-
Mn may participate in the regulation of PDPase activity in
the intact cell.
In order to detect significant activity of the muscle
enzyme, it is necessary to remove all the AMP in the reaction
system (7), Commercial NADP"^ preparation is known to contain
0,1 - 0,5^ of AMP on a mole to mole basis. Therefore a trap¬
ping system is added to the reaction mixture to continually
regenerate ATP from AMP,
amp + ATP kinase,^ 2 ADP
ADP + PEP pyruvate + ATP
With the AMP removing system added to the reaction mixt-ure, the
enzyme activity is increased by 50 - 80^,
The binding of various ligands to rabbit liver PDPase
has been studied using the gel filtration technique. Taketa
and Pogell (36) observed that the iiahibition by AMP is non¬
competitive with respect to fructose diphosphate and that it
is possible to retain the enzyme activity by treatment with
2+
papain or increased concentration of Mg . However, there is
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a competitive interaction between the binding sites for AMP
2+ 2+
and Mn , Trtihen the concentration of Mn is raised, there is
little inhibition by AMP* The binding of AMP is reduced with
2+
an increase in Mg concentration. Pontremoli ^ al. (37)
have observed that there are four sites available on the enzyme
for the binding of AMP, and these four sites are functionally
equivalent and not interacting,
H, Effect of Cations on Enzyme Activity
PDPase shows an absolute requirement for a divalent
2+ 2+
cation which can be satisfied by Mn or Mg , This divalent
cation is required for catalytic activity but not for binding
of PDPase, By employing the enzyme binds I4. equiva-
lents of Mn at neutral pH and 1]. additional equivalents above
pH 6,5. However, kinetic experiments show that only the bind¬
ing of the first set of I4. equivalents is associated with cata¬
lytic activity (36). The additional binding sites appear to
be related to the inhibitory effects produced at higher concen-
2+
tration of Mn . The required concentration of divalent cation
is found to be dependent upon the nature of cation used. In
2+
both neutral and alkaline pH, 0,1 - 0,2 mM Mn can satisfy the
2+
requirement while Mg requires a higher concentration of about
1-2 mM, At higher concentrations, both cations inhibit the
catalytic activity (30),
Monovalent cations are tested for activity and Black
et al, (7) found that the activity of purified neutral muscle
PDPase is increased approximately tvjo-fold by the addition of
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0,1 - 0,2 M NH|^C1, KOI, or CsGl in the presence of or
2+ 2+
Hh , Rubidiiim is found to activate in the presence of Mg ,
2+
but not in the presence of Mn . NaCl has little effect in
2+
the presence of Mg , but causes substantial inhibition in the
2+
presence of Mn , LiCl is strongly inhibitory in the presence
of either Mg^"*" or Mh^'*’, The result shows that Rb'*’, k'*’,
4* *4”
and Cs are equally stimulating, while Na and Li are in¬
effective or inhibitory. This suggests that for activation,
the radius of the nonhydrated cation must have a minimal value
of 1,3 angstrom, while cations with a radius smaller than one
angstrom are ineffective or inhibitory,
A low concentration of EDTA is fotmd to be stimTilating,
while a higher concentration is inhibitory. The concentration
of EDTA depends greatly upon the nature of the divalent cation
2+
employed. The concentration of EDTA req^lired for a 0,1 mM Ito
is fomd to be 0,02 mM (9), The concentration of EDTA required
for maximal activity is found to be 0,1 mM in the presence ofI,0 mi'l Mg (8), This indicates that for optimal enzyme acti¬
vity, both the divalent cation and the EDTA-catlon complex are
required. With an increase of EDTA concentration to 1.0 mM
2+
in the presence of 1.0 mM Mg , the activity is completely
inhibited,
II, Isolation of PDPase from Different Organisms
A, Isolation of PDPase from Animal Tissues
The two major sites for gluconeogenesis in mammals are
liver and kidney. Both of these organs contain the enzyne
PDPase to catalyze the hydrolysis of fructose diphosphate to
fructose 6-phosphate, This step is presumed to be obligatory
for gluconeogenesis in order to bypass the highly exergonic
phosphofructokinase reaction (2), This enzyme has been isolated
In rat liver (8,36), rabbit liver (ij.-6), swine kidney (9), and
rabbit kidney (3»32)* Enzymes have been isolated both under
alkaline and neutral pH conditions. The properties exhibited
by both enzymes isolated from liver and kidney are more or less
similar. The amino acid composition, however, differs (31,32)•
Rabbit muscle was found also to contain the enzyme
PDPase (7)* This enzyme is found to be more sensitive to in¬
hibition of AMF than the liver or kidney PDPase, The concen¬
tration of free AMP in the muscle tissue is sufficient to in¬
hibit the activity of PDPase (35)* The amino acid composition
of muscle enzyme is found to differ from that of liver and kid¬
ney, A marked difference is that neutral liver and kidney
enzymes each contain one tryptophan per subunit (32,33)> while
tryptophan is not found in neutral muscle tissue (7). Krebs
and Woodford (39) have proposed that the enzyme might play a
role in the reconversion of ^-glycerophosphate to carbohydrate
in muscle, since this substance is found to acciomulate in sig¬
nificant quantities in muscle,
B, PDPases in yeast and Escherichia coli
Gancedo et al. (1,1|0) have studied the enzyme activity
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of PDPase in yeast, Sac charorayces cerevisiae. It was observed
that the extracts of Saccharomyces cerevisiae grown without
sugar contain PDPase activity. Substitution for sugar by
ethanol in the growth medixam results in an increased PDPase
activity. However, yeast grown on galactose containing mediuia
shows a significant activity of PDPase (I4.O), This observation
could rule out the dependence on precursor Induction for the
synthesis of PDPase, The enzyme Isolated from yeast is strongly
inhibited, non-competitively, by AtlP,
Praenkel and Horecker (41) have observed that the con¬
version of fructose diphosphate to fructose 6-phosphate is
essential for grwth of Escherichia coli on glycerol, acetate,
or succinate but is unnecessary for growth on hexoses and pen¬
toses, It exhibits properties similar to those reported from
other sources of PDPases, The enzyme is highly specific for
fructose diphosphate with an absolute requirement for divalent
cation. Inhibition is observed with high concentrations of
substrate and AMP, The optimum activity is observed at neutral
pH, An additional requirement for sulfhydryl compounds is
observed in order to increase the activity of PDPase by appro¬
ximately twowfold (14-).
C, PDPases in Slime Molds
The PDPases from cellular slime molds Polysphondylium
pallidum and Dictyostellum discolde-um have been isolated. The
enzyme isolated from Polysphondylium pallidum (lb) is found to
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catalyze both the hydrolysis of fructose diphosphate and sedo-
heptulose diphosphate to yield equimolar amotints of fructose
6-phosphate and sedoheptulose 7-pliosphate respectively. The
2+ 2+
enzyme is stimulated by EDTA and activated by Mg or Mn ,
It was observed by Rosen (18) that the enzyme is not inhibited
by high substrate concentrations and AMP. At different stages
of cell differentiation, the organism shows no significant
alteration of PDPase activity,
PDPase is also Isolated from Dlctyostelltun discoideum
at alkaline pH (21), A low concentration of EDTA stimulates
the activity at neutral pH which in turn is dependent upon the
2+ 2+
concentration of Mg or Mn , The enzyme is insensitive to
AMP, however, it is slightly inhibited by concentrations of
fructose diphosphate above 0,2 mM,
III, Physarum Polycephalum for the Study of PDPase
Physarxm polycephalum, an acellular slime mold, is the
organism chosen for this study. The organism is grown on a
semi-defined soluble medium in agitated submersed ciJiltTJires
(i|.2), Daniel ^ al, (1(.3) have shown that the semi-defined
medium satisfies the inorganic and amino acid requirements
for the organism. Hematin is also required as a growth fac¬
tor, The optim-um growth of Physarum polycephalum is dependent
upon several factors (ij.2). The organism appears to grow only
under aerobic conditions. The optimum pH for growth is bet¬
ween ij.,! and i4.,6. The growth of Physarum polycephalum is
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inhibited by light and by temperature higher than 31°C« Since
all the growth factors can be maintained and corrected, Phy-
3arum polycephalum can be satisfactorily grown for PDPase
study.
EXPERIMENTAL PROCEDURE
I, Growing of Organism in Different Growth Media
A, Initiation of Mcroplasmodial Growth from Spherule (ij.2)
Physarum polycephalTim culture (McIIl) strain was
provided by McArdle Laboratory, The spherule strip is placed
on the wall of a 25 x 150 ram slanted test tube containing 10
ml of serai-defined citrate growth medium and hematin solution.
The strip is positioned in such a way that only the lower edge
touches the meniscus of the culture medium. This is to allow
aeration during the activation period. The tube is let stand
in the dark for 3 - 4 days at 23 - 26°C, Plasmodlal growth is
indicated by a yellow root-like appearance on the spherixLe
strip. The tube is placed on a gyrating shaker, and let shake
in the dark at 23 - 26°C for $ - 6 days or until a fairly
dense microplasmodlal suspension is observed. Five ml of the
culture is then transferred to a 500-ml Erlenmeyer flask con¬
taining 20 ml of the semi-defined culture medium. The flask
is shaken in the dark for 3 days at 23 - 26°C, and 2,5 ral
inoculxim (approximately 3.5 mg/ml protein) from the 3”day cul¬
ture is transferred to a 50-ml shalcen culture. The cultin’s is
kept in a continuous line of growth by transferring every 3
days.
3, Preparation of Growth Medium
Axenic culture of Physarum polycephalum is maintained

















ZnSof . 7HpOCitric acid , HpO
0.0034
0.353b
Distilled water^to 100 ml
Hematin:
Hemin (Sigma Chem, Co.
2x crystallized) 0.05
1.% NaOH to 100 ml
The pH of the mediiim is adjusted to ij., 6 with ^0% KOH, The
complete citrate-containing medium and the hematin solution
are autoclaved separately for 20 minutes at 15 psi. One ml
of hematin solution is added to a 100-ml culture raediiim just
prior to inoculation.
C, Use of Different Carbon Sources in the Growth Medium
for the Determination of PDPase Activity,
Since Physarura polycephalum grown on glucose contain¬
ing medium does not exhibit any PDPase activity, different
carbon sources were substituted for glucose in the semi-defined
culture medium. The same concentration OS) of D-glyceraldehyde,
ethanol, DL-glyceric acid, D-fructose 1,6-diphosphate, D-tagatose,
D-sorbitol, D-fructose, D-mannitol, 2 deoxy-D-glucose, glucos-
amine-HCl, and D-mannose were used, liicroplasmodium is
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inoculated from the glucose containing cxilture medium into
these different carbon sources. The cultTore is transferred
twice into these carbon sources before an assay for the enzyme
is done. This enables the organism to adapt to the new meditom.
Among these carbon sotirces, ethanol was found to be the best,
II, Assay Procedure for the Determination of FDPase Activity
A, Enzyme Extraction from Physarum polycephalttm
Physarum polycephalum was harvested on the fourth day
of growth by centrifuging at 1,1|.00 - 2,000 x g for 10 minutes.
The cells were washed three times with 0,01 M Tris bxiffer, pH
7,5» or until the washing solution became clear and colorless.
The suspended microplasraodia vrere centrifuged for 5 minutes
at 2,800 X g. The clean microplasmodia were homogenized in a
solution containing 50 mM Tris-HCl, pH 7.5> 0,1 mM EDTA, 1,0
mM MgCl2» for 90 seconds at a speed of 9 in the Sorvall omni
mixer. The ratio of the wet weight of the cells to the voliime
of the homogenizing medium was 1 : I4., The homogenates was
centrifuged for 30 minutes at l4.,800 x g. The precipitate was
discarded while the supernatant was saved for PDPase assay.
The whole procedure was carried out at 0 - I|.°C,
B, Spectrophotoraetric Determination of Enzyme Activity
PDPase activity was assayed spectrophotometrically by
measuring the rate of reduction of NADP at room temperature
in a Beckman DU spectrophotometer at 3I1.O nm, A final volume
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of 0.9 iiil reaction mixture containing 0,1 raM EDTA, 1,0 mM
MgGl2» 0,2 mM HADP'*’, 1 unit each of phosphoglucose isomerase
and glucose 6-phosphate dehydrogenase, in 0,02 M triethanol¬
amine-diethanolamine (TEA-DEA) buffer, pH 7*5* ws.s used. One
tenth ml of enzyme extract was added in the cuvette and the
mixture was allowed to equilibrate at room temperature. Twenty
microliters of 10 ml-I fructose 1,6-diphosphate was added to the
mixture to initiate reaction. The activity was determined by
the change in absorbance at 3^0 lua, over a time period where
the change in absorbance is linear with time. Under the above
conditions, the change from 3-11 minutes was averaged and
expressed as change per minute,
C, Protein Determination
The protein concentration was determined by the modified
Lowry test (Iji;.) by using a comparatively smaller volixme of more
concentrated alkaline copper reagent and a larger volume of
more dilute Polin phenol reagent. The final mixtxjre of the
sample was heated to 50°G which accelerated the development
of color in minutes. Bovine sertim albumin was used as stand¬
ard protein, and absorbance was read at 660 nm.
D, Definition of Specific Activity
One unit of PDPase is defined as the conversion of 1
micromole of fructose 1,6-diphosphate to 1 micromole of fruc¬
tose 6-phosphate in 1 minute. The specific activity is
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expressed as units per mg protein. It has been determined
■f*
(i|.l) that the reduction of 1 micromole NADP to 1 micromole
NADPE absorbs 6,22 units at 340
Specific Activity “6,22 x 1 cm x mg protein
III, Purification of the Enzyme
The enzyme was purified by a simple 2 step selective
substrate elution procedure (4»45)« Fifty gm of phosphocellu-
lose were pretreated with 1,500 ml of 0,5 N TIaOH for 0,5 hour
and then washed to neutral pH with distilled water. The phos-
phocellulose was further treated with 1,500 ml of 0,5 N HCl
for 0,5 hour and again washed to neutral pH with distilled
water. Two-hundredths M sodium acetate buffer, pH 5«6, was
used to equilibrate the phosphocellulose before use.
The enzyme extract obtained from the supernatant frac¬
tion of the homogenate was then added to the phosphocellulose
for adsorption. The pH was adjusted to and the solution
was let stir for 0,5 hour in the cold. The phosphocellulose
was then packed in a 2,4 x 26 cm column and the tinadsorbed
protein was washed off by using 0,02 M sodium acetate bxiffer,
pH 6,3, The column was washed until the protein concentration
as monitored at 280 nm was less than 0,02 absorbance.
Fructose 1,6-diphosphate in a final concentration of
2 mM was added to the 0,02M sodium acetate btiffer, pH 6,3,
This solution eluted the enzyme from the column beginning at
23
260 ml. The eluate was collected by a fraction collector
with 250 drops per tube. The tubes were assayed and those in
which activity was observed were pooled for kinetic studies.
RESULTS AND DISCUSSION
I, PDPase from Different Carbon Sources
In prototrophic bacteria like Escherichia coli, PDPase
would be essential for cells growing on carbon sources such as
succinate, acetate, or glycerol, but is unnecessary for growth
on hexoses or pentoses (ip.), since under these conditions there
is no need for glueoneogenesis, Gancedo et al. (1) reported
that PDPase was present in yeast if grown on ethanol, but not
if grown on glucose,
PDPase activity cannot be detected when Physarum poly-
cephaltun is grown on glucose-containing medium, but there is
a relatively high activity if grown on ethanol. Three-carbon
sources such as pyruvate, lactate, glycerol, malate, and
acetate were reported not to support any growth for Physarum
polyoephalum (i+R), Since glucose supports the best growth
for Physarran polycephalum, anoraers of glucose such as fructose,
mannose, sorbitol, tagatose, etc,, were tried, but poor acti¬
vity is detected. The results are shown in Table 3, Prom the.
Table, glyceraldehyde seems to give a better activity than
that of ethanol. However, the growth is slow and poor, and
the costly chemical leaves ethanol the best choice for the
carbon source. The poor activities of the glucose anomers
could be due to the conversion to glucose before being utilized
by the organism as carbon source,
Diauxic growth containing 2,8 mM glucose and 220 mM
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FDPase activity from the various carbon sotirces is com¬
pared on the basis of an equal wet weight of cells.
but activity for FDPase cannot be detected,
Gancedo e_t al, (4.0) have reported that the absence of
FDPase in glucose grown yeast is likely due to repression.
The repression has been studied in Physarum polycephalum, and
Figure 2 shows that a sufficient amount of glucose to support
growth repress the production of FDPase,
An experiment on optimm activity relative to days of
growth was done, and Figure 3 suggests that the optimum acti¬
vity occurs on the foxirth day of growth.
II, Purification of FDPase
The enzyme was purified in a simple two step specific
substrate elution. This method was developed by Pogell (45)
26
Pig, 2, —Effect of Glucose Concentration on the Repression
of PDPase from Physarum polyoephalum. The concentrations of
glucose were taken as 0%, 0,01%, 0,05^» 0,1%, and 1%, The assay




Pig* 3* —Effect of Organism Growth on PDPase Production,
Organisms were inoculated everyday in a week, and assays were
done on the 7th day for all the flasks inoculated. The enzyme
activity was compared on the basis of wet weight of cells.
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using carboxymethyl cellulose, and later Black ^ (7) used
phosphocellvilose which adsorbed as well as carboxymethyl cel¬
lulose.
By using specific substrate elution, the treatments by
acid, heat, and ammonium sulfate fractionation could all be
eliminated, and the recovery of the total units were maximal.
The enzyme ^-ras purified to with an 85^ recovery.
Table 14. shows the result of the purification,
TABLE 4








Crude extract 4.0 0.006 100
Phosphocellulose
fraction 3.4 1.9 317
^5*
Specific Activity is calculated as described on p, 22.
Ill, Kinetic Studies of PDPase
2+
Since Mg is an absolute requirement for the enzyme
2+ 2+
PDPase, the optimum concentrations of Mg and Mh were
2+
studied. Figure [4. shows the optimum concentrations of Mg
2+ 2+
and Mn , It was found out that 0,02 riH Mn was sufficient
2+
to catalyze the reaction while Mg required 1.0 mli to act
as an efficient cofactor.
The AMP removing system was utilized by Black ejb al.
(7) to isolate rabbit muscle enzyme. They observed that AMP
29
Pig. —Effect of Cation Concentration on the Activity of
FDPase from Physarum polycephalnm. The assay was performed as
described in the experimental procedure on pp. 20-21, with the
presence of AlIP removing system. The AliP removing system con¬
tained 0.05 ml-I ATP, 0,2 mM PEP, 1 unit each of adenylate kinase
and pyruvate kinase. The AMP removing system was described on
p, 11, repreg^nts the curve for Mg concentration, while
0-0 represents Mn concentration.
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is a potent inhibitor especially for the maiamalian enzyme.
With the AMP removing system added to the reaction mixt\ire,
the activity increases three times for the Physarnm polycepha-
lum PDPase, Table $ shows this effect,
TABLE 5
EFFECT OP AMP REMOVING SYSTEM AT DIFFERENT pH
AMP Removing System*
Activity ^ ■^314.0 nm/min^ Ratio 7*^







The AI4P removing system contained 0*05 loM ATP, 0,2 mM
phosphoeholpyruvate (PEP), and 1 iinit each of adenylate kinase
and pyruvate kinase. For further discussion of AMP removing
system, see p. 11,
in conjunction with the AMP removing system, optimtun
2+
Mg concentration was studied, and Figure 5 shows the diffe¬
rence between using the AMP removing system and the ordinary
reaction mixture. The AMP removing system had effect not only
in the mammalian system, but also in Physarum polycephalum.
31
2+
Pig. —Effect of Mg Concentration on the Activity of
PDB^se from Physar-um polycephal-um. Curve represents different
Mg concentration in the presence of AMP removing |^stem in the
reaction mixture, while o-o represents different I'lg^ concentra¬
tion without AMP removing system. The AI*IP removing system con¬
tained 0,05 inM ATP, 0.2 raI^ PEP, and 1 unit each of adenylate
kinase and pyruvate kinase.
SUMI-IARY MD CONCLUSION
FDPase from Fhjsariira polycephalum has been successfully
purified by the specific substrate elution method. Difficulty
occurs in the pooling of crude extract for ptirification. Cells
growing in ethanol medium tend to form spores when shaken on a
reciprocating shaker. However, good growth of microplasmodium
has been observed when using a gyrating shaker.
The cells are harvested on the fourth day of growth by
centrifuging, washing, and homogenizing with a solution con-
2+
taining Tris buffer, J'lg , and EDTA, The enzyme PDPase can be
obtained from the supernatant fraction of the homogenate. The
assay procedure is done spectrophotoraetrically in the presence
of enzyme, NADP , and an excess of phosphoglucose isomerase and
glucose 6-phosphate dehydrogenase. The reaction is initiated
by the addition of the substrate. The specific activity of the
crude extract is quite low without the addition of an AMP re¬
moving system. This explains the allosteric inhibition by AMP
on PDPase in Physarum polycephalum.
Purification is accomplished by the specific substrate
elution method, in which the enzyme is adsorbed by phospho-
cellulose at pH 5*1* The unadsorbed proteins are washed off
at pH 6,3 using 0,02 M sodium acetate buffer. Elution is per¬
formed at the same pH and b\iffer concentration, but in the
presence of an excess concentration of substrate. Due to the
greater affinity of the enzyme for the substrate, the enzyme




Mg and wn requirements have been studied and
results show that both cations can serve as cofactor. But
2+
a lower concentration of Jin is required relative to that
2+
of Mg * An AMP removing system has been found to increase
the activity of the enzyme, thus confirming the fact that
there is inhibition by AMP. However, the lowest concentration
of AMP which inhibits the PDPase has not been determined.
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